Purpose We first analyzed the prognostic power of albumin-to-alkaline phosphatase ratio (AAPR) before radical radiotherapy (RT) in non-metastatic nasopharyngeal carcinoma (NPC) patients.
Introduction
While nasopharyngeal carcinoma (NPC) may be considered a rare malignancy globally, it has the highest incidence in South-Eastern Asia [1] . The clinical behavior of NPC is also distinct, affecting younger patients with high nodal and dis-tant metastasis [2] . At initial diagnosis, more than 70% of patients had locoregionally advanced nasopharyngeal carcinoma (LA-NPC) [3] . Currently, the standard treatment of LA-NPC is concurrent chemoradiotherapy (CCRT). With improvement of radiotherapy (RT) technique and chemotherapy regimen, the 5-year overall survival (OS) rate exceeded 80% [4] . However, NPC recurs in approximately 50% of [5, 6] . The addition of chemotherapy, such as neoadjuvant (NCT) or adjuvant chemotherapy (ACT), to CCRT has been investigated to improve NPC control. Also, this high recurrence rate emphasizes the need to accurately assess the prognosis of NPC. The American Joint Committee on Cancer (AJCC) TNM staging system is the most important and widely used prognostic factor [7] . However, previous studies showed that sometimes this staging system fails to predict prognosis satisfactorily [8, 9] . Thus, various serum markers, which can be conveniently obtained, have been developed to predict prognosis [10] [11] [12] [13] [14] [15] [16] , and defining novel prognostic factor is still of great importance, especially in LA-NPC.
The albumin-to-alkaline phosphatase ratio (AAPR) was reported first as a novel prognostic factor in hepatocellular carcinoma patients [17] . In metastatic NPC patients, low AAPR was associated with poor survival and the authors of that study concluded that the AAPR might be a novel prognostic factor in metastatic NPC patients [18] . Also, the role of ratio between albumin (ALB) and alkaline phosphatase (ALP) as a prognostic factor has been reported in patients with pancreatic ductal adenocarcinoma and advanced hepatocellular carcinoma [19, 20] . However, to the best of our knowledge, the AAPR has not been studied in non-metastatic NPC patients.
In the current study, we first conducted a retrospective study analyzing the prognostic power of AAPR in nonmetastatic NPC patients. In addition to OS and progressionfree survival (PFS) in the previous study [18] , we also examined the relationship between AAPR and other survival outcomes, including locoregional relapse-free survival (LRR-FS) and distant metastasis-free survival (DMFS).
Materials and Methods

Patient selection and evaluation
We retrospectively reviewed 266 biopsy-proven, nonmetastatic NPC patients who underwent radical RT in Seoul National University Hospital from January 1998 to December 2016. The inclusion criteria were as follows: (1) pathologically proven NPC at our hospital; (2) no previous history of head and neck cancer; (3) no concurrent malignancy; (4) receiving intensity-modulated radiotherapy (IMRT); (5) completion of initially planned RT; (6) receiving chemotherapy before, during, or after RT; and (7) complete baseline laboratory data including serum ALB and ALP levels, within 1 month before RT. Finally, among 266 patients, 170 NPC patients were included in this study.
Medical records of baseline clinical and laboratory data, including pathology, computed tomography (CT) or magnetic resonance imaging (MRI) of the head and neck, systemic work-up by chest CT or positron emission tomography/ computed tomography (PET/CT), serum ALB and ALP were retrieved and reviewed from the hospital database. All patients were staged according to the seventh edition of the AJCC staging criteria. The AAPR before RT was calculated by dividing the serum ALB level by the ALP level, which were the last values within 1 month immediately preceding RT. During the study period, there was a change in the measuring equipment of ALB and ALP, but there was no change in the reagent. In addition, clinical chemists confirmed that there was no change in the test value by comparing the before and after tests every time there was a change. The optimal cut-off levels of AAPR, ALB, and ALP for assessing LRRFS were determined by using Cutoff Finder, a webbased system designed by Budczies et al. [18, 21] . Patients were divided into two groups based on AAPR 0.4876 (AAPR < 0.4876, n=25; AAPR  0.4876, n=145).
Patients visited outpatient department 2 weeks after completion of RT. Then, there were four outpatient visits at intervals of 1 month, followed by a 1 year visit every 3 months, every 6 months in the next 3 years and annually thereafter. Post-treatment assessment consisted of history taking physical exams, and flexible fiberoptic endoscopy. Imaging modalities including CT or MRI of head and neck, PET/CT and chest X-ray were performed to assess the treatment response and no evidence of disease. One month after RT, head and neck CT or MRI was performed, and PET/CT was performed 3 months later. The treatment response was evaluated according to Response Evaluation Criteria in Solid Tumors ver. 1.1. If required, biopsy of suspicious recurrent site was conducted. OS rate was calculated using survival information of patients from Ministry of the Interior and Safety in Korea.
RT and chemotherapy
The technique of IMRT has been previously described [22] . The gross total volume (GTV) was defined by primary tumor and metastatic lymph nodes visualized on either CT or MRI. MRI or PET/CT imaging was used in all patients except five, when a radiation oncologist contoured the GTV. The highrisk clinical target volume (CTV) was defined by 3-dimensional auto-expansion of 0.5 cm to the GTV and modified regarding anatomical architecture. All patients received cisplatin based chemotherapy before, during, or after RT. The major treatment of patients were based on CCRT (n=157, 92.4%). The use of NCT or ACT was determined by the multidisciplinary team. The NCT and ACT were were conducted in 75 and 22 patients, respectively.
Statistical analysis
OS was defined from the start of any definitive treatment to the date of death from any cause. PFS was defined from the start of any definitive treatment to the date of locoregional failure, distant metastasis, or death from any cause, whichever occurred first. LRRFS and DMFS were defined from the start of any definitive treatment to the date of locoregional failure (LRF) and distant metastasis, respectively.
The chi-square test or Fisher exact test for categorical vari-Cancer Res Treat. 2019;51(4):1313-1323 ables and the independent t test for continuous variables were used to compare baseline characteristics. The propensity score matching (PSM) was performed based on age at diagnosis, sex, Eastern Cooperative Oncology Group (ECOG) performance status, immunohistochemistry (IHC) of Epstein-Barr virus (EBV), T category, N category, AJCC stage, and use of NCT, CCRT, and ACT. Propensity score were generated using a multivariable logistic regression model. Then a 1:4 match between the AAPR < 0.4876 group and  0.4876 group was performed using the nearest neighbor-matching method (caliper=0). Survival curves were calculated using the Kaplan-Meier method and were compared using the logrank test. Cox proportional hazards regression was used to identify prognostic factors for survival outcomes. A p-value of < 0.05 was considered to be statistically significant. All of the statistical analyses were conducted using R project ver. 3.4.2 (R Foundation for Statistical Computing, Vienna, Austria).
Ethical statement
This study has been approved by the institutional review board of Seoul National University Hospital (No. H-1705-037-852). Considering that this was the retrospective study, the written informed consents of patients were waived.
Results
Patient characteristics
The median follow-up duration was 50.6 months. The baseline characteristics were compared between patients according to the pre-RT value of AAPR in Table 1 . Although, patients with ECOG performance status 2 were more frequent in the AAPR < 0.4876 group (8.0% vs. 0.7%, p=0.032) and the performance status of 10 patients was unknown, most of the patients had a good performance status (ECOG performance status 0-1 in 92.4% of the patients). More than half of patients with an AAPR < 0.4876 had a T4 category disease (56.0% vs. 22.8%, p=0.002) but the N category and AJCC stage were comparable between two groups. The range of ALB level was 34-52 g/L and the ALP level ranged from 27 to 136 IU/L. Using propensity scores, 20 patients with an AAPR < 0.4876 were matched successfully with 80 patients with AAPR  0.4876 (Table 1) . 
Survival outcomes
The Kaplan-Meier survival curves are shown in Fig. 1 . The 5-year OS rates in the AAPR < 0.4876 group and the AAPR  0.4876 group were 58.8% (95% confidence interval [CI], 38.9% to 88.8%) and 83.7% (95% CI, 75.7% to 92.6%), respectively (p=0.200) (Fig. 1A) . The 5-year PFS rates in the AAPR < 0.4876 group and the AAPR  0.4876 group were 57.4% (95% CI, 38.7% to 85.0%) and 69.9% (95% CI, 60.0 to 81.4%), respectively (p=0.410) ( Fig. 1B) . Patients with an AAPR  0.4876 had higher 5-year LRRFS rates (88.1%; 95% CI, 80.0% to 97.0% vs. 77.0%; 95% CI, 59.5% to 99.6%) but it was not statistically significant (p=0.100) (Fig. 1C) . DMFS rates were similar between two groups (87.2%; 95% CI, 71.9% to 100.0% vs. 81.9%; 95% CI, 73.4% to 91.4%, p=0.530) (Fig. 1D ).
In the Cox proportional hazards analysis for survival outcomes, the AAPR was not a significant prognostic factor ( Table 2 ).
Subgroup analysis of LA-NPC patients
We conducted subgroup analysis for patients with stage III-IVB NPC. Patient and treatment characteristics of LA-NPC before and after PSM are shown in Table 3 . The Kaplan-Meier survival curves for LA-NPC patients are shown in Fig. 2 vs. 64.9%; 95% CI, 44.2% to 95.3%; p=0.009). There was no significant difference in 5-year DMFS rate between two groups (83.0%; 95% CI, 63.5% to 100.0% vs. 82.8%; 95% CI, 73.5% to 93.3%; p=0.940).
In the Cox proportional hazards analysis for LA-NPC patients, high AAPR was a better prognostic factor for OS, PFS and LRRFS (OS: hazard ratio [HR], 0.341; 95% CI, 0.144 to 0.805; p=0.014; PFS: HR, 0.416; 95% CI, 0.189 to 0.914; p=0.029; and LRRFS, HR: 0.243, 95% CI, 0.077 to 0.769; p=0.016, respectively) ( Table 4 ).
Discussion
In the present study, we investigated the prognostic value of AAPR before RT in non-metastatic NPC patients. Our results showed that low AAPR was associated with poor OS, PFS, and even LRRFS rates in LA-NPC. These findings suggest that the AAPR is a promising prognostic factor for patients with non-metastatic LA-NPC.
For several decades, there have been efforts to reduce both LRF and side effects of RT in NPC [23] [24] [25] . However, there are still significant portion of patients suffering from LRF. A number of prognostic factors of LRF are known, including tumor stage and Epstein-Barr virus status [7, 10] . Nonetheless, tailored treatment strategy according to the prognostic factors could not be introduced into daily practice due to lack of clinical experience. Hence, finding prognostic factors other than previously known factors may be helpful in considering individualized treatment. Various studies investigated the role of serum markers due to its easy accessibility [10] [11] [12] [13] [14] [15] [16] .
Accumulating evidence has clarified the prognostic value of ALB and ALP in various malignancies including NPC, head and neck squamous cell carcinoma and colorectal cancer [11] [12] [13] [14] [15] [16] . ALB is considered as a marker of malnutrition and has ability to stabilize DNA during cell cycle [26] . It was known that pretreatment ALB  43.0 g/L in NPC patients was related to poorer OS and DMFS [14] . In terms of malnutrition, low ALB level may reflect profound impairment of immunity, eventually leading to a decreased response to anti-cancer treatment [27] . ALP, an enzyme that dephosphorylates various molecules, such as nucleotides, proteins, and alkaloids [28] , is an emerging prognostic factor in several types of carcinomas [13, 15, 16] . Li et al. [15] reported that increased pretreatment ALP level in patients with nonmetastatic NPC receiving radical RT had poor effects on both OS and local recurrence-free survival. However, multivariate analysis did not identify pretreatment ALP level as an independent prognostic factor. The authors suggested that increased ALP level may be associated with severe invasion [16] also reported that elevated pretreatment ALP level was independent predictor of poor OS and tumor-free survival in patients with non-metastatic NPC. In that study, the authors also explained these findings as a result of bony structure invasion. In addition, they suggested another possibility that ALP may affect the survival of NPC patients through matrix metalloproteinase-9, which is associated with chemoresistance in metastatic gastric carcinoma [29] . The concept of AAPR was first introduced for patients who underwent curative surgery for hepatocellular carcinoma [17] , and Nie et al. [18] applied it to metastatic NPC patients. We hypothesized that the AAPR would predict survival outcomes in patients with non-metastatic NPC as well as metastatic NPC.
To our knowledge, this is the first study to examine the prognostic value of AAPR before RT in patients with nonmetastatic NPC. We performed the PSM to control the imbalance between two groups. The Cox proportional hazards analysis showed that an AAPR < 0.4876 was not associated with poor survival outcomes. We performed subgroup analysis for patients with stage III-IVB NPC, which were considered as LA-NPC, because these patients were expected to have more tumor burden. The AAPR was significantly associated with OS, PFS, and LRRFS in subgroup analysis.
In addition to ALB and ALP, liver function was evaluated with total bilirubin, aspartate aminotransferase, and alanine aminotransferase levels for LA-NPC patients. There were no significant differences in the proportion of patients out of normal range between the two groups. In terms of renal function, there was also no difference between the two groups in patients with glomerular filtration rate less than 60 mL/min/ 1.73 m 2 .
As oropharynx infiltration occurred, swallowing became difficult and caused dietary problems, affecting ALB levels. But there was no one who had dietary problems and no difference in oropharynx infiltration ratio between two groups in LA-NPC (low AAPR, 9 patients [52.9%] vs. high AAPR, 28 [41.2%]; p=0.547).
The question of whether the AAPR reflected the patient's ability to perform CCRT and this might result in treatment outcomes could be raised. However, in LA-NPC patients after PSM, only two patients in high AAPR group received concurrent cisplatin with 25% dose reduction (1 patient due to emesis and the other due to grade 4 neutropenia). ACT was performed in two patients in low AAPR group and seven in high AAPR group. Among them, one patient with low AAPR discontinued chemotherapy because of selfrefusal. One patient with high AAPR experienced progression of disease and stopped chemotherapy. Based on these findings, it could be seen that the AAPR was not related the patient's performance of treatment. The complete remission of primary site in head and neck CT or MRI taken median 1.2 months after RT was observed in two patients (13.3%) in low AAPR and 28 patients (41.2%) in high AAPR group. Although there was a marginal significance (p=0.072), the difference in complete remission rate between the two groups seemed to be the difference of prognosis after treatment. No one received any surgical intervention after CCRT.
Our findings suggested that low AAPR before RT may be associated with poor prognosis in patients with NPC, especially LA-NPC. In particular, the AAPR before RT could predict the risk of LRF, which might be considered for planning of RT. In other words, caution should be taken to de-intensify locoregional treatment for patients with low AAPR. The AAPR might comprehensively reflect the patient's condition such as nutrition and immunity and the characteristics of NPC including severity and treatment resistance that each component of the AAPR implies. That is, low AAPR can be interpreted as malnutrition, decreased immunity, increased treatment resistance, and relatively severe NPC condition. Intervention of ALB for patients with low AAPR might be considered to increase AAPR and correct malnutrition, resulting in better response of treatment.
Tumor stage was not statistically different but showed poor prognosis in the advanced stage. The reason for not having statistical significance might be that the number of patients was small and the distribution of stage was not even. In addition, we thought that the point that the treatment method according to the stage did not differ greatly in the patient group after the PSM was a limit to the statistical verification ability. Our study, unlike previous studies, did not identify ALB and ALP as independent prognostic factors in outcomes other than OS. Therefore, it can be considered that the AAPR predicts the prognosis of LA-NPC better than these factors do.
There were some limitations in our study. First, this study was a retrospective study conducted in a single institution and failed to use an independent cohort confirming the prognostic value of the AAPR. Secondly, we used the most recent AAPR values that we though would be good representations of the patient's condition, but there was a limit because of one measurement. External validation of optimal cutoff of AAPR is also required. Third, selection bias may occur because patients who did not have a routine blood test within 1 month before RT were excluded among patients with NPC who received radical RT between 1998 and 2016. Finally, data on other known biochemical markers such as EBV IHC status and DNA viral load, C-reactive protein, and lactate dehydrogenase, were lacking and were not included in the analysis. Future prospective clinical trials to validate the prognostic value of AAPR are needed and basic research also needs to be conducted to uncover the underlying mechanism.
In conclusion, the AAPR, derived from a routine blood test readily and inexpensively, could be an independent prognostic factor for patients with non-metastatic LA-NPC. By obtaining the AAPR before RT, physicians could know the current nutritional status of patients and the characteristics of NPC, which may be helpful in determining the nutritional intervention or treatment plan.
